(19) 



J 




(12) 



(43) Date of publication: 

22.03.2000 Bulletin 2000/12 

(21) Application number: 99118331.0 

(22) Date of filing: 15.09.1999 



Europdisches Patentamt 
European Patent Office 

Office europSendes brevets (11) EP 0 987 721 A2 

EUROPEAN PATENT APPLICATION 

(51) Int. CI. 7 : H01C1/14 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT U LU 
MCNLPTSE 

Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 18.09.1998 JP 26451598 

(71) Applicant: TDK Corporation 
Chuo-ku, Tokyo (JP) 

(72) Inventors: 

• Ochiai, Toshiaki, 
c/o TDK Corp. 
Tokyo (JP) 



• Maruno, Tetuji, 
c/o TDK Corp. 
Tokyo (JP) 

• Sasaki, Aklra, 
c/o TDK Corp. 
Tokyo (JP) 

• Kikuchi, Kazuhlko 

Nikaho-machi, YUri-gun, Aklta 018-0402 (JP) 

(74) Representative: 

Grunecker, Kinkeldey, 
Stockmair & Schwanhdusser 
Anwaltssoztetdt 
Maximilianstrasse 58 
80538 MOnchen (DE) 



(54) Chip-type multilayer electronic part 

(57) A chip-type multi-layered electronic part in 
which terminal electrodes are prevented from oxidiza- 
tion when the electronic part is joined with a sifcstrate. 
so that superior electrical bonding between the terminal 
electrodes and internal electrodes can be attained. Ter- 
minal electrodes 7 connected to internal electrodes 1 
contain silver and palladium as the main ingredients in 
the weight ratio in a range of from 7:3 to 3:7 t and further 
contain boron in a range of from 0.1 weight percent to 
1 .0 weight percent added to the main ingredients of 100 
weight percent. 
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Description 

PAr yrsRm IMP OF THE INVENTION 
5 [0001] The present invention relates to a chip-type multi-layer electronic part having inters electrodes, and particu- 

SS^iSSSS^Si with an intemaVelectrode of nickel, copper, silver, sih^er/palladiurn. or the hte are lam- 
^^ to^7sto forma capacitor chip 2 constituted by a dielectric laminated body indudmg •nternal elec- 
,„ ^,2 T^S^hFta TTernSe^ectrodes 3 containing copper, silver or silver/palladium alloy as their man 
^SentfanS^^ 

W^ZT*#^c^l*«* thus is joined with a land 5 on a substrate 4 through soWer or conducts 

SSn m the chip-type mute-layered electronic part shown in Rg. 2. there is a problem ^V^^*^^ 
^«L~ ate Sized easily by heating when the chip-type multi-layered electronic part -s janed wrth the substrate 4 
S^'i^^A «^ in conduSon is caused by the oxrtiza^ln ^^^^ 
tt^ffthe internal electrodesl is made of base metal such as nictel.ccwerwthel.te.they areapttobeox.d«edwhen 
^ ter^na. electrodes 3 are formed by baking or the like, and failure in conduct™ occurs easBy. 

cf! n^gy n P ™ p INVENTION 

rO0041 Taking the foregoing problems into consideration, it is an object of the present irwerrtion to pr^de a «^p-ty^ 
2Lnrt*M ^part in which terminal electrodes are prevented from oxidization when the terr^naJ erodes 
T»i SnSw^as^tratTby heating, so that superior electrical bonding with internal electrodes can beattained. 
X^n^Sfita^ of the present invention to provide a chip-type multi-layered electfonic part m 

„.<^w a i k^ndinn hotween the terminal electrodes and the internal electrodes can be attained. 
££ ?£££SZ there is provided a chip-type multi-layered ^ic pari l™*-*^ 
L^L^ each erf which is made of metal; and terminal electrodes suitably connected to the interna electrodes. 
i^SSJS decode? SSning silver and palladium as main ingredients thereof in a weight mom £ range 

E^^CX %ZSXZ£m have such composition, lead^ut portions of the interna, electrodes arepre- 
SS3 tS^SSSSSi when the terminal electrodes are bated, so that the contact between theterrmna. electrodes 

SSiT tSSSTSSS eTJ^^ented from oxidization, so that it is posstofc to pr^ncrease in 
SLUSSH It elSode portions and the internal electrodes, and it is possible to prevent detenora- 

Zt ^^^c^er^^SeTrea^on inQ-value or the like, due to the increase in those resistance values. 
ZZ Se^emTae oSSu^Ss^aller than the above-mentioned silver/palladium weight ratio of 73. thereanses 
^^SSZEEl ^e inteTrS electrodes and the terminal electrodes. On the contrary, when the percentegeot 
P^rr.ar^ weight ratio of 7:3. there appears oxidization in the terminal electrodes, 

thlrohv ro.Kina the above-mentioned deterioration in electrical charactenstics. 

^JJlSjSEin is less than 0.1 weight percent the effect of adding boron cannot beexp«*edso 
^LTe inierna, e.eclrodes are apt to be oxidized. On the contrary, when the ^^^^ 1 ° ™*™ 
Zce^i baking the terminal electrodes is blocked so that the internal electrodes are afrt ^eo^dizea. 
frSm Acceding to the invention, preferably, the internal electrodes is made of motel. When the interna e rodes 
He Prient invention can exert a more valid effect in the sense ^^^l^SSSi 

Iro^idltiorfwhenthe terminal electrodes are formed and when the terminal electrodes are heated and attached to 

rOO^TSef erably each of the terminal electrodes has a one-layer structure having no surface plated layer, 
mfl If Setoinirar electrodes are made thus to have a one-layer structure, it is possible to restrain the terminal 
^SlSSL they are joined through conductive resin, so that it fe po^ibie to mate them sufable 
chip-type mufti-layered electronic part on a substrate through the conducts resm. 
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RRIFF DESCRIPTION OF TH E DRAWINGS 
(0013] 



Fig 1 te a sectional view showing an embodiment of a multi-layered ceranroc capacitor wh.ch .s an example of a 
chiD-type multi-layered electronic part according to the present invention; and 
Fig 2^a sectional view showing an example of a background-art multi-layered ceramic capacrtor. 

nFTAII FD DESCRIPTION OF THF PREFERRPn EMBODIMENTS 

[00141 Fig. 1 is a sectional view showing a multi-layered chip capacitor, as an example of a 
electronic ptrt. in a state of being mounted on a substrate. This capacitor is formed in such a manner that d.electnc tay- 
e£a^ ^SKerHre laminafed by sheeting or screen printing, contact-joined and art into every*,* ^andba^t 
r a ^.^xvaen atmosphere, so as to bake terminal electrodes 7. The reference numeral 1 represents an internal elec- 
!EdZ2K^ suLrate; 5. a land on the substrate 4; and 6. conductive resin for bonding the terminal elec- 
trode 7 to the land 5 and mounting the capacitor on the substrate 4. . . . . Kar 

ma °n tnis en*odiment. internal electrodes 1 made of nickel were printed on cerarmc green sheets induing bar- 
• « as dielectric material and these sheets were laminated. After these laminated sheets were cut by chp 

Z^l^lS^^^^ ingredients with boron added or.no. addedttereto for forming tenrnja. 
Sch was applied to the chip, and then the chip was baked at 900- in a nitrogen atmosphere so as to form the 
terminal electrodes 7. The composition of these terminal electrodes 7 is shown in Table 1. 



[Table 1] 



No 


Ag/Pd 


B loading (parts 
by weight) 




No 


Ag/Pd 


B loading (parts by 
weight) 




No 


Ag/Pd 


B loading (parts by 
weight) 


1 


8:2 


0 




19 


5:5 


0 




37 


2:8 


0 


2 




0.05 




20 




0.05 




38 




0.05 


3 




0.1 




21 




0.1 




39 




0.1 


4 




0.5 




22 




0.5 




40 




0.5 


5 




1.0 




23 




1.0 




41 




1.0 


6 




1.5 




24 




1.5 




42 




1.5 


7 


7:3 


0 




25 


4:6 


0 










8 




0.05 




26 




0.05 










9 




0.1 




27 




0.1 










10 




0.5 




28 




0.5 










11 




1.0 




29 




1.0 










12 




1.5 




30 




1.5 










13 


6:4 


0 




31 


3:7 


0 










14 




0.05 




32 




0.05 










15 




0.1 




33 




0.1 










16 




0.5 




34 




0.5 










17 




1.0 




35 




1.0 










18 




1.5 




36 




1.5 











ss [00161 AsshowninTable1.silverandr*lla^ 

™e form while their weight ratio was changed to 8:2. 7:3. 6:4. 5:5. 4*. 3:7 and 2:8^ Owe^htpercent 
0 05 weS percent 0.1 weight percent. 0.5 weight percent. 1.0 weight percent and 1 1.5 we.gW percent « 
too TwSe aSedto these ^Ingredients of 100 weight percent. Paste obtained thus was applied, and baked in a 
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nitrogen atmosphere so as to form the terminal electrodes 7. 

roOITl As a comparative example, paste containing copper as its main ingredient was applied to a capacrtor chp 2 
tSZ irrtVmaSodes madeof nickel, and baked at 750'C in a nitrogen atmosphere so as to fom, terminal rtec- 
trcde?3 aTshmw. in Fig. 2. A nickel plated layer 3a and a tin plated layer 3b were formed on each of Ihe terminal elec- 

ISS5 3 ^ver^SSroles produced thus were joined onto an alumina substrate 4 through conductive resin 6. and 
ttTLS £«. examined afte/they were .eft aione in a high-temperature tank * J^C. 200£ 
S^Cvan^tar 1 00 hours. This examination of the electrical characteristics was performed^ connectng and tang 
fhTtSlalelectrodes 7 of each sample onto tends formed separately on a test substrate throughc^uctrveterxl^g 
adhSve and measuring the capacitance, the dielectric loss and the insulation res.stance respectively before the 
25e wa^put into the nigh-tenperature tank and after the sample was taken out of the tank and lett for24 hoursat 
rooTtemDerature. In Table 2, • " designates that no deterioration appeared in the capacitance, the dielectnc loss and 
STinZZZ^ and after the sample was put-into the high-temperature tank; "X" donates that dete- 

rinratinn was found* and "-" designates that measurement was not performed. 

EST A^^eTfrom Tabfe 2. in the «u^ltal.2.7.«.13.K ift^^srwaTrtae^to 

Lwder was notadded. or 0.05 weight percent of boron powder were added, oxd.zat.on of rockel occurred -ntheleao- 
^IZl oTtheTmerna. electrodes 1 for connection wtth the terminal electrodes 7. This oodorton caused deteno- 

ration in the electrical characteristics. 
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Table 2 



No. 


Ag/Pd 


B loading 
(weight 
percent) 


180°C 


200°C 


250°C 


300°C 


1 




0 


o 


o 


X 




2 




0.05 


o 


o 


X 




3 


8:2 


0.1 


o 


o 


X 




4 




0.5 


o 


o 


X 




5 




1.0 


o 


o 


X 




6 




1.5 


o 


X 






7 




0 


o 


o 


X 




8 




0.05 


o 


o 


X 




9 


7:3 


0.1 


o 


o 


o 


O 


10 




0.5 


o 


o 


o 


O 


11 




1.0 


o 


o 


O 


O 


12 




1.5 


o 


X 






13 
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o 


o 


X 
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[00201 On the other hand, in the samples No. 6. 12. 18. 24. 30. 36 and 42 in wtuch the boron exceeded 1.5 we^W 
Srt the elitfcal characteristics deteriorated when the temperature reached 200°C or more. It » considered that 
!2S2« caused by the oxidization of nickel constituting the internal electrodes 1 . and too much powder of 
b^on !££ the TSdng of the terminal electrodes 7 so that plenty of open pores were left, thereby causmg the o»di- 

In^Won. in the samp.es No. 3 to 5 shown in Table 2. that is. in the case where me weight ratio. silver to 
Sum was 8:2. the connection between the internal electrodes 1 and the term,nal electrodes 7 was failed at 250 C. 
SeTSical characteristics deteriorated, even if the loading of boron powder """t^EZL* ^ 
fo022] in addition, in the samples No. 39 and 40. that is. in the case where the wejgW I rate 61 to pall«Jmm^s 
LTthe terminal electrodes 7 were oxidized at 300-C. and the electrical charactensbcs detenorated. even rf the loadrng 

of boron powder was 0.1 to 1.0 weight percent. lftoHln _ 

SS] OnSe other hand, if the weight ratio of silver to palladium was within a W * ^ ™* »*J££ Ss? 
Sn powder was withinarange of from 0.1 to 1 .0 weight percent (Na 9 to 11 15to ,17.* l*^*™'**™ 
toS) thVelectrical characteristics did not deteriorate even if being heated at 300'C. This shows that the loading of 

boron Dowder restrained the oxidization of the internal electrodes 1 made of nickel. ... _ ,„ 0 , 

SS^ me^ioned above, in the comparative example where copper was used for the ter 
thenickel plated layer 3a and the tin plated layer 3b were formed on the surface of each of the electrodes! i the ele^ 
ricaTcharacteristics deteriorated due to heating at 200'C. as shown in Table 2. The fr \ttSrS£E£ZZ 
andtat by heating and the nickel plated layer 3a was therefore oxidized, so that the electncal charactenst.es deteno- 

SS] Differently from the above-mentioned examination of the electrically characteristics. *e avenge bonding 
strenoth between the chip 2 and the terminal electrodes 3 or 7 was examined on every f we piecesof eachof the above- 
2nSes NO. 4. 10. 16. 22. 28. 34. 40 and the comparative example sample No. 43. The results are shown 

loo^] 6 3 As is apparent from Table 3. the bonding strength of the terminal electrodes" 7 increased as the ratio d I pan* 
SaeasedlnThe weight ratio of silver to palladium. Although the bonding strength ,n thesample Nol C ^ accordmg 
to the embodiment of the present invention was smaller than that in the comparative example, the bonding strength 
endurable to use was ensured. 



Table 3 



No 


Ag/Pd 


bonding strength (Aver- 
age) (Kg) 


4 


82 


1.8 


10 


7:3 


2.1 


16 


6:4 


2.7 


22 


5:5 


4.9 


28 


4:6 


5.3 


34 


3:7 


5.7 


40 


2:8 


6.0 


comparative example 




4.8 



[0027] The present invention is applicable also to the case where the chip-type multi-layered el ectronic fe. nol ta 
capacitor but an inductor; a resonator or a filter in which inductors made of nickel or other matenate are piled up as 
internal electrodes of a capacitor; or a lamination in which resistance layers are piled up. 

ST tilS". the^Jent invention is applicable also to the case where copper silver, ^r/pa.^um^ crther 
man nickel is used for the internal electrodes 1 so as to obtain an effect to prevent ox^zafcon when the chp s r^ourrted 
Ta subLte. in addition, even if such electronically plated layers 3a and 3b as prided ,n the con^ we example 
oTin the background art are provided on the surface of the terminal electrodes 7 ,n the present ^rrt ^t ^ poss. We 
to obtain an effect to restrain oxidization of the above-mentioned internal electrodes 1 made of nickel. »^fl.^ How- 
ieVwhen the chip has a one-layer structure without providing the electrolytically plated byers Saand 3b ^ownjn 
Rg 1 the problem of oxidization of the terminal electrodes 7 when they are joined through the conducive rean 6 can 
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be solved. Accordingly, no problem is caused in the case of a chip-type multi-layered electronic part which is mounted 
through the conductive resin 6. . inc4oaH 

[0029] in addition, silver and palladium may be baked as alloy powder having a predetermined we,ght ratio, .nstead 

2 asTmS "griients in the weight ratio in a range of from 7:3 to 3:7. and further contam boron fKjwdenn a 
SnTd from 0 TwSgM percent to 1 .0 weight percent added to this main ingredients of 100 we.ght percent Accord- 

stole to imorove the electrical characteristics. *m~+ 

[0031 1 MdTfionally. the internal electrodes made of nickel. Accordingly, the present .nventon has a more vata I effect 
!n^e ser^of preventing the interna, electrodes from oxidization when the terminal electrodes are formed and heated 

Steto reswh thi terminal electrodes from oxidization when they are joined through conduce resm. so that rt rs pos- 
sSe £ rSeThe terminal electrodes suitable for being mounted on a substrate through the conducts resa, 

Claims 

1 . A chip-type laminated electronic part comprising: 



te rtng saver and palladium as main ingredients thereof in a weight ratio ,n a range of from £3 tc 1 3.7^ Hur- 
ler containing boron in a range of from 0.1 weight percent to 1.0 we,ght percent added to sari marn 
2s ingredients of 100 weight percent. 

2. A chip-type laminated electronic part according to Claim 1 . wherein said internal metal electrodes is made of nickel. 

3. Atfip-typelaminatedelec^ 

30 structure having no surface plated layer. 

4. Achip-typelamirratedel^ 
structure having no surface plated layer. 
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FIG.2 
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